The renin-angiotensin-aldosterone system can be activated by sympathetic nervous input and is thought to have an important role in the prevalence of hypertension and cardiovascular risk in black Africans. We examined (1) the association between plasma renin responses to mental stress and a marker of sub-clinical atherosclerosis; and (2) associations between resting renin and 24-h ambulatory blood pressure. Participants were 143 urbanized black African men and women (43.1 ± 7.7 years) drawn from a study of Sympathetic Activity and Ambulatory Blood Pressure in Africans (SABPA). After an overnight fast, participants completed the Stroop mental stress task. Blood samples were drawn during baseline and 10 min after the task to assess the concentration of active renin in plasma. Blood pressure assessments included continuous Finometer measures during the stress testing and 24-h ambulatory monitoring. Carotid intima-media thickness (CIMT) was measured using high-resolution ultrasound. Approximately 50% of the sample responded to the task with an increase in renin concentration. Multiple linear regression analysis revealed an association between the renin stress response and CIMT (b ¼ 0.024, 95% confidence interval, 0.004-0.043), after adjustment for conventional risk factors, blood pressure stress responses and basal levels of renin activity (R 2 for model ¼ 0.37). In addition, resting renin was inversely associated with ambulatory blood pressure. In summary, heightened release of renin during a laboratory mental stressor was associated with a marker of sub-clinical atherosclerosis; thus, it may be a potential mechanism in explaining the increased burden of cardiovascular disease in urbanized black Africans.
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Introduction
There is an emerging burden of cardiovascular disease (CVD) among urbanized black Africans in South Africa, [1] [2] [3] which can be largely explained by the transition from traditional African lifestyles to more westernized behavior. Psychosocial stress is a contributing factor to CVD risk, 4, 5 although this issue has gained less attention in black Africans. An important way of investigating the mechanisms underlying the association between psychosocial stress and CVD is acute psychophysiological stress testing, involving measurement of cardiovascular and biological responses to laboratory-induced stress. 6 Previous research has indicated that cardiovascular responses to stress are exaggerated in urbanized black Africans, 7, 8 and evidence in Caucasian populations has shown an association between heightened stress reactivity and risk of sub-clinical atherosclerosis. [9] [10] [11] [12] Thus, it is possible that psychophysiological mechanisms may partly explain the excess CVD burden in urbanized black Africans, although this issue has not been researched adequately. 13 Therefore, in order to examine the clinical importance of stress response patterns in urbanized black Africans, we conducted a study examining Sympathetic Activity and Ambulatory Blood Pressure in Africans (SABPA). The renin-angiotensinaldosterone system (RAAS) is thought to have an important role in the prevalence of hypertension in black Africans through increasing vascular reactivity. 14 In particular, renin is secreted during sympathetic nervous system activation and contributes to vasoconstriction; thus, it may have an important role in sub-clinical atherosclerosis. Interestingly, hypertension in the ethnic black population is characterized by low resting renin, 14 although pro-renin, thought to be an inactive precursor of renin, is 20% increased in blacks.
The aim of this study was to examine if cardiovascular and plasma renin responses to stress were associated with markers of end-organ damage, reflected in measures of carotid intima-media thickness (CIMT). We also examined the association between resting renin and 24-h ambulatory blood pressure measurements (ABPM).
Methods

Study population
Participants were recruited as part of the SABPA study conducted between February 2008 and May 2009. The study sample comprised urbanized African teachers working for one of the four Kenneth Kaunda Education districts in the North West Province, South Africa. The reason for this selection was to obtain a homogenous sample from a similar socio-economic class. We invited all eligible participants between the ages of 25 and 60 years to participate. Exclusion criteria were an oral temperature above 37 1C, psychotropic substance dependence or abuse, blood donors and individuals vaccinated in the past 3 months. Participants were fully informed about the objectives and procedures of the study before their recruitment. Assistance was available for any participant who requested conveyance of information in their home language. All participants signed an informed consent form and the study was approved by The Ethics Review Board of the North-West University (Potchefstroom Campus Potchefstroom, South Africa).
Mental stress testing
Participants were transported at 1630 h to the Metabolic Unit Research Facility of the North-West University and familiarized with the experimental setup, including a brief introduction to the Stroop mental challenge. After receiving a standardized dinner, participants were encouraged to go to bed at around 2200 h. Participants were woken at 0545 h. After the collection of anthropometric data (including height, weight, waist and hip), participants were placed in the semi-Fowler position with the head elevated at 30-451, and they remained in this position for 30 min before obtaining the first blood sample and throughout psychophysiological testing. Nurses measured resting blood pressure before obtaining a fasting venous blood sample for the measurement of renin concentration and other biomarkers. The Stroop mental stress task was administered using cards, which has been used extensively in psychophysiological research. 6, 9, 12 The Stroop is an incongruent task that requires participants to identify the colours of colour words in contrasting colours of ink with added time pressure. 15 Participants received a monetary incentive for motivation on completion of the Stroop task. The task lasted for 1 min followed by a 15 min recovery, while further blood samples were collected. Beat to beat blood pressure was continuously assessed throughout psychophysiological testing using a Finometer device (Finapres Medical Systems, Amsterdam, the Netherlands).
Cardiovascular and biochemical measurements CIMT was obtained using a SonoSite Micromaxx ultrasound system (SonoSite, Bothell, WA, USA) and a 6-13 MHz linear array transducer. Images from at least two optimal angles of the left and right common carotid artery were obtained. Following previously described protocols, 16 these segments were imaged and measured. The images were digitized and imported into the Artery Measurement Systems automated software, 17, 18 for dedicated analyses of CIMT. A maximal 10 mm segment with good image quality was chosen for analysis. The program automatically identifies the borders of the intima-media of the near and far wall, and the inner diameter of the vessel, and also calculates the CIMT and diameter from around 100 discrete measurements through the 10 mm segment. This automated analysis was capable of being manually corrected if not found appropriate on visual inspection. For the purpose of this study, the mean of the far-and nearwall measurements were used. Intraobserver variability for the far wall was 0.04 mm between two measurements made 4 weeks apart on 10 subjects.
We conducted 24-h ABPM during the working week. Each morning at B0800 h, participants were attached with an ABPM-and two-lead electrocardiogram apparatus (Meditech CE120 CardioTens; Meditech, Budapest, Hungary) on the non-dominant arm at their workplace. The ABPM apparatus was programmed to measure blood pressure at 30-min intervals during the day (0800-2200 h) and every hour during night time (2200-0600 h), with a successful 24-h inflation rate of 72.6%. According to a preset program, sequential recording of twochannel electrocardiogram strips were obtained for 20 s at 5-min intervals. Participants were asked to continue with normal daily activities and record any abnormalities, such as headache, nausea and stress on their ambulatory diary cards. The data were analyzed using the CardioVisions 1.15 Personal Edition software (Meditech).
Sodium fluoride, plasma and serum samples from fasting bloods were stored at À80 1C for the analysis of biochemical risk markers. The concentration of active renin in the plasma was measured using a high-sensitivity radio-immunometric assay and cross-reaction with pro-renin was below 0.4%. The source of reagents was mouse anti-human-active renin monoclonal antibody 125 I in a Tris buffer (pH 7.9) containing horse serum and 0.1% sodium azide.
The intra-and inter-assay coefficients of variation were 1.81 and 4.05%, respectively. Fasting sodium fluoride (glucose) and serum samples for total and high-density lipoprotein cholesterol, triglycerides, gamma glutamyl transferase and high-sensitivity Creactive protein (CRP) were analyzed using the sequential multiple analyzer computer (Konelab 20i; Thermo Scientific, Vantaa, Finland).
Statistical analyses
Renin concentration and cardiovascular activity during the stress task were subtracted from resting values to obtain stress responses for each individual. All CRP values were log transformed to normalize the distribution. As our previous work has indicated greater sympathetic responses to stress in men and differences in other risk factors such as smoking and obesity, the stress response data were presented stratified by sex. A 3 Â 2 repeated measures analysis of variance was used to examine cardiovascular measures over time (factor; baseline, task and recovery) in relation to sex (male, female). Linear regression analyses were employed to examine the association between renin stress responses and CIMT adjusting for a number of covariates, including age, waist-to-hip ratio, smoking, total and highdensity lipoprotein cholesterol, log CRP, glucose, mean daytime ambulatory systolic and diastolic blood pressure, blood pressure stress responses and basal levels of renin. As there was no interaction of sex and renin response on CIMT (P ¼ 0.18), these analyses were presented for men and women combined. In further analyses, we examined the association between cardiovascular stress responses and CIMT, and renin response and ambulatory blood pressure. The sample was split into tertiles based on renin response for illustrative purposes.
Results
A total of 200 participants attended the testing session, although 57 of them were excluded from the present analyses, leaving a final sample size of 143. Excluded participants did not differ significantly from the main sample. The main reasons for exclusion included hypertension medication users (n ¼ 34), missing blood samples (n ¼ 8), missing CIMT data (n ¼ 5) and the exclusion of outliers (n ¼ 10). Outliers were identified by a renin response ± 2 s.d. from the mean. Participant characteristics are displayed in Table 1 . On an average, participants were overweight, had elevated blood pressure, but normal cholesterol. Women generally showed lower smoking rates, better lipid, blood pressure and glucose profiles than men, despite having higher body mass index. Alcohol abuse was high, especially in men, as indicated by elevated levels of gamma-glutamyl transferase. The prevalence of AIDS was relatively high in both men and women, which is consistent with existing reports. 19 There was significant cardiovascular activation in response to the stressors (see Table 2 ), and systolic blood pressure was elevated by 13% on average. Men tended to have higher blood pressure throughout testing, although the stress responses were similar compared with women. Approximately 50% of the sample responded to the tasks, with an Abbreviations: DBP, diastolic blood pressure; HR, heart rate; SBP, systolic blood pressure; TPR, total peripheral resistance. a n ¼ 136 for all cardiovascular measures that were collected using the Finometer device. *Po0.05 compared with baseline and recovery.
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(mean-0.08 ± 0.99 pg ml À1 ). In the highest tertile of renin responders, all participants showed greater than a 10% increase in renin concentration following mental stress. On an average, men showed increased renin responses, whereas women had a reduction in renin following the task (P for interaction ¼ 0.069). The renin response was inversely associated with the systolic (b ¼ À0.29, P ¼ 0.024) and diastolic (b ¼ À0.28, P ¼ 0.028) blood pressure responses to stress in women, but not men. However, this association did not persist after taking into account differences in body mass index between men and women. Renin responses were not associated with any cardiovascular risk markers, including cholesterol, CRP, glucose, resting blood pressure, adiposity, smoking, age or sex in multivariate analysis (data not shown). The renin response was, however, associated with CIMT (see Table 3 ). The association was stronger in men, and the mean difference in CIMT between the upper and lower third of renin response in men was 0.07 mm (95% confidence interval (CI), À0.001 to 0.15, P ¼ 0.054) after adjustment for age (see Figure 1) . Other conventional risk factors, including age, total cholesterol and mean daytime systolic blood pressure, were also associated with CIMT (shown in Table 3 ). Total peripheral resistance responses to stress were marginally related to CIMT in the whole sample (age-adjusted b ¼ 0.17, P ¼ 0.09), and more strongly in men (ageadjusted b ¼ 0.21, P ¼ 0.05), although there was no associations with other cardiovascular responses to stressors or recovery of responses (data not shown). Given the possible effects of immune dysfunction on the vascular wall, we re-analyzed the data removing 15 participants with AIDS, although this did not alter the main findings.
There was no association between the renin stress response and ambulatory blood pressure, although resting renin was inversely associated with 24-h ambulatory systolic (fully adjusted b ¼ À1.56, 95% CI ¼ À2.73 to 0.40, P ¼ 0.009) and diastolic (fully adjusted b ¼ À1.11, 95% CI ¼ À1.92 to À0.30, P ¼ 0.008) blood pressures in men only. The associations for resting renin and systolic blood pressure are illustrated in Figure 2 .
Discussion
The aim of this study was to examine the association between psychophysiological responses and CIMT in black Africans living in an urbanized setting. Previous studies have indicated that cardiovascular responses to stress are exaggerated in urbanized black Africans, 7, 8 which might be an important P=0.054 Figure 1 Association between renin response to mental stress and CIMT in black African men (n ¼ 77) and women (n ¼ 66). Data are presented as mean ± s.e.m., adjusted for age. In men (black bars), renin categories represent low (n ¼ 26) (pÀ0.06 pg ml À1 ), medium (n ¼ 25) (À0.05 to 0.40 pg ml À1 ) and high (n ¼ 26) (40.40 pg ml À1 ). In women (white bars), renin categories represent low (n ¼ 20) (pÀ0.64 pg ml À1 ), medium (n ¼ 22) (À0.63 to 0.11 pg ml À1 ) and high (n ¼ 24) (40.11 pg ml À1 ).
mechanism in explaining the excess risk of CVD in this group. In this study, we observed an association between plasma renin responses to stress and CIMT that was independent of conventional CVD risk markers and resting levels of renin. Renin is secreted during sympathetic nervous system activation and contributes to vasoconstriction, although we observed inverse associations between renin responses and other crude markers of sympathetic vascular activation, such as diastolic blood pressure in women and no associations in men. Nevertheless, we did not obtain direct measures of vascular function that might have uncovered important links between renin responses and endothelial function, which is suppressed during mental stress. 20 In blacks with an inherent salt sensitivity as well as low renin, the compensatory mechanism for tubular re-absorption of sodium, renin release, formation of angiotensin II and constriction of the efferent renal arterioles is impaired. 21 The action of angiotensin II on intrarenal hemodynamics is critical to the blood pressure raising effect and could explain the hypo-activity hypertensive status in African Americans. 22, 23 Thus, other mechanisms such as vascular hyper-reactivity to stress and/or pro-renin might explain the association between heightened renin reactivity and subclinical atherosclerosis. Activation of the RAAS is one of the most important mechanisms contributing to endothelial cell dysfunction, vascular remodeling and eventually to the development of atherosclerosis. 23 Therefore, suppressing the RAAS reduces common carotid and femoral artery intima-media thickness, and basic research has shown that angiotensin II is a proinflammatory mediator, which directly induces atherosclerotic plaque development. 24 Low plasma renin is typical of hypertension in the ethnic black population, 14 and this was confirmed by our observed inverse association between resting renin and 24-h AMBP. However, pro-renin was thought to be an inactive precursor of renin, but its concentration in plasma is several folds higher than that of renin, 25, 26 and is also 20% increased in blacks opposed to Caucasians. 27 Prorenin is associated with pressure overload and predicts microvascular complications such as nephropathy and can stimulate tissue RAAS and subsequent end-organ damage in the heart and kidneys, independently of the circulating RAAS. 26, 28 Upregulation of the pro-renin receptor occurs in hypertension, which is difficult to explain possibly indicating its own activity. 26 If we assume this is the case in African blacks with a 24-h AMBP hypertension prevalence, we can expect low renin and high pro-renin levels to contribute to sub-clinical atherosclerosis. Conversely, this could be the case in the men where an increased vascular responsiveness and peripheral responsiveness was noted. Thus, our data clearly suggest that disturbances in renin activity may be a risk marker for CVD in black Africans, although it may not be a simple marker of sympathetic activation and instead reflect on inflammatory processes and complex genetic changes in the enzymes controlling the RAAS. 29 We did not observe any reliable associations between cardiovascular stress reactivity and CIMT. Data from the Kuopio Ischemic Heart Disease study showed that systolic blood pressure reactivity was related to CIMT after 7 years follow-up, independently of established risk factors, including smoking, cholesterol, fasting glucose and resting blood pressure. 10 Two separate studies in healthy women showed that greater pulse pressure and systolic blood pressure reactivity to behavioral stressors were, respectively, associated with greater CIMT and the presence of coronary artery calcium. 11, 12 However, another study of cardiovascular risk in young Finns showed that higher heart rate, respiratory sinus arrhythmia and pre-ejection period reactivity were associated with lower CIMT values. 30 Although our results are generally not in agreement with previous studies, it should be noted that this study was performed in a relatively young sample of black Africans in contrast to others that have consisted of older Caucasian participants, and where large ethnic/age variation in stress response patterns and cardiovascular function are known to exist. 31, 32 In addition, variations in the nature and timing of mental stressors may explain the differences.
This study has a number of strengths and limitations. First, the study is cross-sectional, thus we cannot determine the directionality of the observed relationship and results might be explained by residual confounding. Stress responses were Resting renin 24 hr systolic BP (mmHg) Figure 2 Association between resting renin and 24-h ambulatory systolic blood pressure in black African men (n ¼ 77) and women (n ¼ 66). Data are presented as mean±s.e.m., adjusted for age, waist-to-hip ratio, smoking, total and HDL cholesterol, CRP and fasting glucose. In men (black bars), renin categories represent low (n ¼ 26) (o3.12 pg ml À1 ), medium (n ¼ 25) (3.12-4.77 pg ml À1 ) and high (n ¼ 26) (44.77 pg ml À1 ). In women (white bars), renin categories represent low (n ¼ 22) (o2.18 pg ml À1 ), medium (n ¼ 22) (2.18-4.38 pg ml À1 ) and high (n ¼ 22) (44.38 pg ml À1 ).
measured on a single occasion, and there may be adaptation on repeated testing, although we have previously shown strong reproducibility of these responses over repeated stress testing sessions. 33 We did not employ a control group to confirm that changes in renin were attributable to mental stress; however, in the vast majority (90%) of participants, we observed renin responses greater than those inherent to the method. Our ABPM measures were taken slightly less frequently than the recommended guidelines (e.g. 15-20 min daily and 30 min nightly), although this decision was taken to lessen the burden on our participants and to minimize the influence of ABPM measures on autonomic function and dipping status. The strengths of this study include the inclusion of a unique, representative group of urbanized black Africans, the highly standardized experimental protocol and the use of a highly validated marker of sub-clinical atherosclerosis.
In conclusion, heightened release of renin during a laboratory mental stressor was associated with a marker of sub-clinical atherosclerosis; thus, it may be a potential mechanism in explaining the increased burden of CVD in urbanized black Africans. Given that the age-and sex-adjusted relative risk for myocardial infarction increases by 1.15 (95% CI 1.12-1.17) for every 0.10 mm increase in CIMT, 34 our findings that show a difference in CIMT of 0.07 mm between high and low renin reactors may therefore be relevant.
